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KDVVWHSSHGIRUZDUGDQGEDQQHGWKHODQGILOOLQJRI(R/WLUHVQHZSDWKZD\VIRUPDQDJHPHQWRI(R/WLUHVKDYHWREH
H[SORUHG>@
/RRNLQJ IURP WKH SHUVSHFWLYH RI WKH ZDVWH PDQDJHPHQW KLHUDUFK\ >@ HQHUJ\ UHFRYHU\ LV QH[WWRODVW ZDVWH
PDQDJHPHQWPHWKRGDIWHUODQGILOOLQJZKLFKDOORZVXVWRXVHZDVWHHQHUJHWLFSRWHQWLDOWRPLQLPL]HODQGILOOLQJ)RU
PDQ\\HDUVDOUHDG\(R/WLUHVKDYHEHHQLQFLQHUDWHGLQGHGLFDWHGLQFLQHUDWLQJSODQWVRUFHPHQWNLOQV>@7KHKLJK
FDORULILFYDOXHRIWLUHUXEEHUPDNHVLWDQDWWUDFWLYHIXHOIRUHQHUJ\UHFRYHU\
0XQLFLSDOVROLGZDVWH06:LVDQRWKHUPDWHULDOZKLFKUHSUHVHQWVDJURZLQJSRWHQWLDOIRUHQHUJ\UHFRYHU\>±@
'XHWR WKHUHTXLUHPHQW WRSUHWUHDWZDVWHSULRU WR ODQGILOOLQJPDQ\FRXQWULHVKDYH LQVWDOOHGPHFKDQLFDOZDVWHVRUWLQJ
IDFLOLWLHVZKHUHUHIXVHGHULYHGIXHO5')RUVROLGUHFRYHUHGIXHO65)FDQEHJHQHUDWHGZKHQUHF\FODEOHPDWHULDOVDQG
ELRGHJUDGDEOH ZDVWH DUH VHSDUDWHG IURP WKH GLVSRVDEOH ZDVWH IORZ &DORULILF YDOXH RI WKLV IXHO GHSHQGV RQ 06:
FRPSRVLWLRQKHQFHYDULHVE\FRXQWU\UHJLRQDQGVHOHFWHGZDVWHPDQDJHPHQWWHFKQRORJLHV>@
:LWKWKHLQFUHDVLQJGHPDQGIRUUHQHZDEOHHQHUJ\YDULRXVW\SHVRIELRPDVVZDVWHDUHLQFUHDVLQJO\DVVHVVHGIRU
HQHUJ\ SURGXFWLRQ >@ 6HZDJH VOXGJH LV DOVR D PDWHULDO WKDW FDQ EH XVHG IRU 65) SURGXFWLRQ >@ 6OXGJH LV
JHQHUDWHG LQ JURZLQJ DPRXQWV DV QHZPRGHUQZDVWHZDWHU WUHDWPHQW SODQWV DUH EHLQJ RSHQHG HVSHFLDOO\ LQ WKH
%DOWLF6WDWHV¶UHJLRQ7KHW\SLFDOXVHRISURFHVVHGVHZDJHVOXGJHLVFRPSRVWLQJDQGODQGUHFODPDWLRQ>@EXWWKHVH
SURFHVVHV FDQQRW EH GRQH RQ D IUHTXHQW EDVLV EHFDXVH RI YDULRXV RUJDQLF SROOXWLRQV DQG FKHPLFDO HOHPHQWV LQFO
KHDY\ PHWDOV IRXQG LQ WKH VHZDJH VOXGJH 7KHUHIRUH QRW DOO JHQHUDWHG VOXGJH LV VXLWDEOH IRU DSSOLFDWLRQ RQ
ODQG>@0HDQZKLOHGLVSRVDOLQODQGILOOVLVOLPLWHGDVLWZRXOGJHQHUDWHJUHHQKRXVHJDVHPLVVLRQV>@7KXV
RWKHUVROXWLRQVIRUXWLOL]DWLRQRIVOXGJHDUHEHLQJDQDO\]HG2QHRIVXFKSRVVLELOLWLHVLVWRXVHWKHHQHUJHWLFSRWHQWLDO
RIWKHVOXGJHE\PL[LQJVHZDJHVOXGJHZLWKGLIIHUHQWELRZDVWHDQGSURGXFLQJ65)>@
7KHDLPRIWKLVVWXG\LWLVWRDVVHVVWKHHQYLURQPHQWDOLPSDFWDQGSRWHQWLDOEHQHILWVJHQHUDWHGGXULQJWKHJDWHWR
JDWH OLIHF\FOHRISUHSDUDWLRQRI WKH(R/ WLUHVDQG65)IURPVHOHFWHGZDVWH IRUHQHUJ\ UHFRYHU\)RU/&$ WKUHH
HQHUJ\ UHFRYHU\ VFHQDULRVZHUH GHYHORSHGXVLQJ WKH IROORZLQJ IXHOV D VKUHGGHGZDVWH WLUHV E65)SURGXFHG
IURP06:DQGF65)SURGXFHGIURPWKHVHSDUDWHIUDFWLRQRISUHFRPSRVWHGVHZDJHVOXGJHDQGELRPDVVUHVLGXHV
0HWKRGRORJ\
(QYLURQPHQWDO LPSDFW LV HYDOXDWHGE\XVLQJ WKH/LIH&\FOH$VVHVVPHQW /&$PHWKRGRORJ\ZKLFK LVZLGHO\
DSSOLHG IRU HYDOXDWLRQRI HQGRIOLIH WLUHPDQDJHPHQWPHWKRGV ,W LV SHUIRUPHG DFFRUGLQJ WR VWDQGDUG UHJXODWLRQV
,62>@DQGXVLQJ ,/&'+DQGERRN>@0RUHRYHU WKHZDVWHPDQDJHPHQWKLHUDUFK\FRPELQHGZLWK OLIH
F\FOHSHUVSHFWLYHWKDWV\VWHPDWLFDOO\HYDOXDWHVHQYLURQPHQWDOLPSDFWVLVUHSRUWHGE\5(&2%DOWLF7HFK>@WR
EHDUHTXLUHPHQWLQVWXGLHVDVVHVVLQJZDVWHPDQDJHPHQWV\VWHPV
)RUFRQGXFWLQJWKHFRPSDUDWLYH/&$WKHSimaPro 8 VRIWZDUHZDVXVHGDV LWDOORZVPRGHOLQJDQGDQDO\VLVRI
YDULRXVOLIHF\FOHVLQDV\VWHPDWLFDQGWUDQVSDUHQWZD\DVZHOODVWRPHDVXUHWKHHQYLURQPHQWDOLPSDFWRISURFHVVHV
DFURVVVHOHFWHGOLIHF\FOHVWDJHVDQGLGHQWLI\WKHKRWVSRWVLQDOODVSHFWVRIWKHFKDLQ>@
2.1. Definition of goal and scope 
7KHFRPSDUDWLYH/&$VWXG\DLPV WRHYDOXDWH WKHHQYLURQPHQWDO LPSDFWRIGLIIHUHQWHQHUJ\UHFRYHU\VFHQDULRV
IURPZDVWHIXHOV)RUHQHUJ\UHFRYHU\WKUHHGLIIHUHQWIXHOVFHQDULRVZHUHVHOHFWHGDXVHRIVKUHGGHGZDVWHWLUHV
E XVH RI 65) SURGXFHG IURP 06: LQ D PHFKDQLFDOELRORJLFDO WUHDWPHQW 0%7 SODQW DQG F XVH RI 65)
SURGXFHGIURPWKHVHSDUDWHIUDFWLRQRISUHFRPSRVWHGPDWHULDOVVHZDJHVOXGJHDQGELRPDVVUHVLGXHV
2.2. Functional unit 
,QRXU/&$VWXG\WKHIXQFWLRQDOXQLWLVVHOHFWHGWREH*-RIIXHOLQSXWIRULQFLQHUDWLRQ)XHOLQSXWLVFRQVLGHUHG
DFRQVLVWHQWLQGLFDWRUXVHGIRUFRPSDULQJYDULRXVIXHOVDQGFDOFXODWLQJHPLVVLRQVDVLWLVQRWUHODWHGWRDQ\VSHFLILF
LQFLQHUDWLRQSODQW7KHDPRXQWRIUHFRYHUHGHQHUJ\LQDVSHFLILFSODQWFDQEHHVWLPDWHGDFFRUGLQJWRWKHIXHOLQSXW
GDWD5HFRYHUHGHQHUJ\DPRXQWLVFUXFLDOZKHQHYDOXDWLQJLQFLQHUDWLRQSRVVLELOLWLHVDVLWLVWKHPDLQSURGXFWRIWKH
SURFHVV7KXVWKH/&$UHVXOWVRIRXUVWXG\SURYLGHDFRPSDULVRQRIJHQHUDWHGHQYLURQPHQWDOLPSDFWRIWKHVHOHFWHG
VFHQDULRVZLWKHTXDOIXHOLQSXW
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2.3. System boundaries 
6\VWHPERXQGDULHVDUHQHHGHGWRGHILQHWKHV\VWHPDQGWRVHSDUDWHLWIURPRWKHUSURFHVVHVWKDWDUHQRWHVWLPDWHG
LQWKHVWXG\/&$V\VWHPVKDYHWZRPDLQSDUWVEDFNJURXQGDQGIRUHJURXQGZKHUHDOOPDLQSURFHVVHVDQGPDWHULDO
IORZVDUHLGHQWLILHGVHH)LJ)LJDQG)LJ7KHVHOHFWHGVFHQDULRVDWWKLVVWDJHRIWKHVWXG\GRQRWFRQVLGHU
WKHLQFLQHUDWLRQSKDVHIRFXVLQJRQO\RQWKHSURGXFWLRQRIWKH65)GHILQHGLQWHUPVRIORZHUKHDWLQJYDOXHLH*-
IXHOLQSXW
*HRJUDSKLFDOERXQGDULHVDUHVHWWRWKH%DOWLF6WDWHVDVWKHVWXG\LVDLPHGIRUWKLVUHJLRQDQGGDWDLVXVHGIURP
VHOHFWHGFRXQWULHV7KLVPDNHVWKHUHVXOWVRIVWXG\PRUHDSSOLFDEOHIRU%DOWLF6WDWHVLQZDVWHPDQDJHPHQWSODQQLQJ
2.4. Inventory analysis 
'HWDLOHGSURFHVVIORZFKDUWIRUVFHQDULR$LVJLYHQLQ)LJ0DLQGDWDXVHGIRUGHYHORSLQJ6FHQDULR$LVJLYHQLQ
7DEOH7KHGDWDLVDOORFDWHGIRUWKHVHOHFWHGIXQFWLRQDOXQLW
)LJ3URFHVVIORZFKDUWIRUHQHUJ\UHFRYHU\IURPHQGRIOLIHWLUHVZLWK/&$ERXQGDULHV
$IWHU SUHWUHDWPHQW UHPDLQLQJ WLUH UXEEHU XVHG IRU LQFLQHUDWLRQ KDV FKDUDFWHULVWLFZKLFK DUH WDNHQ DV DYHUDJH
YDOXHVIRUSDVVHQJHUFDUWLUHVVHH7DEOH
7UDQVSRUWDWLRQGLVWDQFH LV FDOFXODWHGDV DQDYHUDJH IURP WKH ODUJHVW FLWLHV LQ WKH%DOWLF6WDWHV WR WKH VKUHGGLQJ
SODQW LQ=DUDVDL /LWKXDQLD7KHDYHUDJHHVWLPDWHGGLVWDQFH LVNP'DWDXVHG WRHVWLPDWHVKUHGGLQJIDFLOLW\¶V
LQSXWVDQGRXWSXWVDUHWDNHQIURPDFXUUHQWO\ZRUNLQJWLUHV¶UHF\FOLQJSODQW
$GHWDLOHGSURFHVVIORZFKDUWIRU6FHQDULR%LVJLYHQLQ)LJ7KHPDLQGDWDXVHGIRUGHYHORSLQJ6FHQDULR%DUH
JLYHQLQ7DEOH7KHGDWDDUHDOORFDWHGIRUWKHVHOHFWHGIXQFWLRQDOXQLW
7DEOH,QYHQWRU\DQDO\VLVRI6FHQDULR$
0DWHULDO $PRXQW 8QLW
 Input    
(QGRIOLIHWLUHV(/7  NJ)8
7UDQVSRUWDWLRQ
7UDQVSRUWWLUHVFROOHFWLRQSRLQWVWRVKUHGGLQJIDFLOLW\  WNP
7UDQVSRUWWLUHVVKUHGGLQJIDFLOLW\WRLQFLQHUDWLRQSODQW  WNP
3URFHVVLQJ
8VHGWLUHVKUHGGLQJIRULQFLQHUDWLRQ  NJ)8
Input  
/XEULFDWLQJRLO  NJ)8
(OHFWULFLW\PL[  N:K)8
Output (waste to treatment)  
,QHUWZDVWH  NJ)8
6FUDSPHWDOIRUUHF\FOLQJ  NJ)8
$VK (PLVVLRQVWRDLU
7±7UDQVSRUW7±FRQYH\RUWUDQVSRUW
%R[HVVWDQGIRUSURFHVVHV
0DWHULDOIORZVKDYHQRRXWOLQH
*UH\DUHDFRYHUVVKUHGGLQJIDFLOLW\
7 7 %DFNJURXQG
V\VWHP
7
5DZ
PDWHULDOV
0DQXIDFWXULQJ 3DFNLQJ 8VH
VWDJH
'LVSRVDO
FROOHFWLRQ
)HHGLQJ
FRQYH\RU
3ULPDU\URWRU
VKUHGGHU
'LVNVHSDUDWRU
7
7
,QFLQHUDWLRQ (QHUJ\
7
77
(/7
,QHUWZDVWH
)RUHJURXQGV\VWHP
0DJQHWLF
VHSDUDWRU
0HWDOZDVWH
*-IXHOLQSXW
6HFRQGDU\URWRU
VKUHGGHU
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$VDQDVVXPSWLRQWKHWUDQVSRUWDWLRQGLVWDQFHWR0%7SODQWLVHVWLPDWHGDVDQDYHUDJHGLVWDQFHLQWKHUHJLRQIURP
YLOODJHV WR WKH0%7SODQW DQG LV HTXDO WRNP7KHGDWD UHODWHG WRSURFHVVHV RFFXUULQJGXULQJ WKHPHFKDQLFDO
VRUWLQJ KDYH EHHQ DVVXPHG IURP D VHOHFWHG0%7SODQW¶V(QYLURQPHQWDO LPSDFW HYDOXDWLRQ UHSRUW 7KH HVWLPDWHG
FRPSRVLWLRQRISURGXFHG65)LVJLYHQLQ7DEOH$FFRUGLQJWRWKHILQDO65)FRPSRVLWLRQIXHOFKDUDFWHULVWLFVVHH
7DEOHDUHHVWLPDWHGE\XVLQJWHFKQLFDOGDWDRIWKH0%7SODQWDQGFKDUDFWHULVWLFVRIHDFKZDVWHW\SH>@
7DEOH&KDUDFWHULVWLFVRIIXHOVDQDO\]HGLQ6FHQDULRV$%DQG&
)XHO &RPSRVLWLRQZW ++9 /+9
 &DUERQ +\GURJHQ 2[\JHQ 1LWURJHQ 6XOSKXU $VK 0RLVWXUH 0-NJ 0-NJ
(R/WLUHV>@         
65)06:         
65)±VOXGJH>@         



)LJ3URFHVVIORZFKDUWRIHQHUJ\UHFRYHU\IURP65)ZLWK/&$ERXQGDULHV
7DEOH,QYHQWRU\DQDO\VLVRI6FHQDULR%
0DWHULDO $PRXQW 8QLW
Input  
0XQLFLSDOVROLGZDVWH  NJ)8
7UDQVSRUWDWLRQ
7UDQVSRUWDWLRQFROOHFWLRQSRLQWVWR0%7  WNP
7UDQVSRUWDWLRQ0%7WRLQFLQHUDWLRQSODQW  WNP
3URFHVVLQJ
06:WUHDWPHQWLQ0%7  NJ)8
Input  
(OHFWULFLW\PL[  N:K)8
Output (waste to treatment)  
3DSHUDQGFDUGERDUGUHF\FOLQJ  NJ)8
3ODVWLFUHF\FOLQJ  NJ)8
*ODVVUHF\FOLQJ  NJ)8
0HWDOVUHF\FOLQJ  NJ)8
2WKHUZDVWHQRWVXLWDEOHIRUWUHDWPHQWODQGILOOLQJ  NJ)8
77
7
5DZ
PDWHULDOV 0DQXIDFWXULQJ 3DFNLQJ
8VH
VWDJH
'LVSRVDO
FROOHFWLRQ
7 7 7
7
7
,QFLQHUDWLRQ (QHUJ\
$VK
06:
)RUHJURXQG
V\VWHP
7
7
7
7
7±7UDQVSRUW
7±FRQYH\RUWUDQVSRUW
%R[HVVWDQGIRUSURFHVVHV
0DWHULDOIORZVKDYHQRRXWOLQH
*UH\DUHDFRYHUV0%7IDFLOLW\
%DFNJURXQGV\VWHP
*-IXHOLQSXW
)HHGLQJEDJ
RSHQHU
0DQXDO
VRUWLQJOLQH
5HF\FODEOH
PDWHULDOV
%DOLQJDQG
SDFNLQJ
5RWDWLQJWUDPPHO
VFUHHQ
%LRGHJUDGDEOH
ZDVWH
%LRORJLFDO
GU\LQJ
0DVWHURSWLFDO
VHSDUDWRU
)LQHDQGPLGIUDFWLRQ
PDJQHWLFVHSDUDWRU
6HFRQGDU\RSWLFDO
VHSDUDWRU
%RWWOH
SHUIRUDWRU
%DOLQJDQG
ZUDSSLQJ
6SLQQLQJFXUUHQW
VHSDUDWRU
6WDWLRQDU\
FRPSDFWRU
65)
7
7
7
7
(PLVVLRQVWRDLU
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$GHWDLOHGSURFHVVIORZFKDUWIRU6FHQDULR&LVJLYHQLQ)LJ7KHVFHQDULRPRGHOLQJGDWDIRUVHZDJHVOXGJHDQG
SURGXFHG65)FKDUDFWHULVWLFVDQGHQHUJ\GHPDQGIRU65)SURGXFWLRQKDVEHHQDVVXPHGEDVHGRQLQIRUPDWLRQIURP
WKHVWXG\E\.OLRSRYDDQG0DNDUVNLHQơ>@65)LVSURGXFHGIURPWKHVHSDUDWHIUDFWLRQ±PPRISUH
FRPSRVWHGVHZDJHVOXGJHIURPPXQLFLSDOZDVWHZDWHUWUHDWPHQWSODQWLQ3DODQJDDQGELRPDVVFROOHFWHGLQWKHFLW\
PXQLFLSDOLW\7KHPDLQGDWDXVHGIRU6FHQDULR&LVSUHVHQWHGLQ7DEOH
7DEOH06:DQG65)FRPSRVLWLRQ
:DVWHIUDFWLRQ 06:IORZFRPSRVLWLRQ 5HPDLQLQJ65)FRPSRVLWLRQ
)RRGZDVWH  
3DSHUDQGFDUGERDUG  
3ODVWLF  
7H[WLOH  
:RRGZDVWH  
*UHHQZDVWH  
*ODVV  
0HWDOV  
2WKHUIUDFWLRQV  


)LJ3URFHVVIORZFKDUWIRUHQHUJ\UHFRYHU\IURP65)SURGXFHGIURPVHSDUDWHIUDFWLRQRISUHFRPSRVWLQJPDWHULDOV
VHZDJHVOXGJHDQGELRPDVVZLWK/&$ERXQGDULHV
 
7±7UDQVSRUW
7±FRQYH\RUWUDQVSRUW
%R[HVVWDQGIRUSURFHVVHV0DWHULDOIORZVKDYHQRRXWOLQH$VK
3UHFRPSRVWLQJ
0XQLFLSDO
ZDVWHZDWHU
0HFKDQLFDO
WUHDWPHQW
%LRORJLFDO
WUHDWPHQW
6OXGJH 6OXGJH
%LRPDVV
UHVLGXHV
3UHFRPSRVWHG
PDWHULDO
'U\LQJ3HOOHWLQJ65)IURPVOXGJHDQG
ELRPDVVSHOOHWV
7UHDWHGZDWHU
ILOWUDWH
6HSDUDWLRQ
)XUWKHU
FRPSRVWLQJ
&RPSRVW
(PLVVLRQVWRDLU7
,QFLQHUDWLRQ (QHUJ\
7
7 7
)RUHJURXQGV\VWHP
%DFNJURXQG
V\VWHP
*-IXHOLQSXW
(PLVVLRQVWRDLU
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7DEOH,QYHQWRU\DQDO\VLVRI6FHQDULR&
0DWHULDO $PRXQW 8QLW
Input  
6HZDJHVOXGJH  NJ)8
%LRPDVVZDVWH  NJ)8
7UDQVSRUWDWLRQ  
7UDQVSRUWDWLRQRIELRPDVVGLHVHOFRQVXPSWLRQ  NJ)8
7UDQVSRUWDWLRQ65)SURGXFWLRQIDFLOLW\WRLQFLQHUDWLRQSODQW  WNP
3URFHVVLQJ  
65)SUHFRPSRVWLQJ  NJ)8
Input  
'LHVHOIRU5HVLGXHVPLOOLQJFRPSRVWLQJ  NJ)8
:DWHU  P)8
,QGXVWULDORLO  NJ)8
Output   
&RPSRVWIRUIXUWKHUFRPSRVWLQJ  NJ)8
:DVWHZDWHU  P)8
'U\LQJDQGSHOOHWLQJRI65)  NJ)8
Input  
(OHFWULFLW\PL[  N:K)8
Output  
:DWHUYDSRXU  P)8
30HPLVVLRQVIURPSHOOHWLQJSURFHVV  NJ)8

&RPSRVLWLRQRIVHZDJHVOXGJHDQGSUHFRPSRVWHGPDWHULDOLVDVVXPHGWREHWKHVDPHDVLQWKHVWXG\RI.OLRSRYD
DQG 0DNDUVNLHQơ >@ $IWHU SUHFRPSRVWLQJ WKH PDWHULDO LV GULHG DV WKH UHTXLUHG PRLVWXUH FRQWHQW LQ 65) LV
DSSUR[LPDWHO\>@65)FKDUDFWHULVWLFVDUHSUHVHQWHGLQ7DEOH
5HVXOWVDQGGLVFXVVLRQ
)LJ VKRZV WKH VLQJOH VFRUH/&$ UHVXOWVZKHUH WKH VWXGLHG VFHQDULRV$%DQG&DUH FRPSDUHG7KH UHVXOWV
VKRZDVLJQLILFDQWGLIIHUHQFHEHWZHHQHQHUJ\UHFRYHU\IURP(R/WLUHVDQGRWKHUIXHOVDV6FHQDULR$KDVDVFRUHRI
P3W7KHPDLQ UHDVRQ IRU VXFK UHVXOW LV WKDW WKH WLUH UXEEHUFRQWDLQVDOPRVWFDUERQDQG ORZPRLVWXUH
7KHVHSDUDPHWHUVLQIOXHQFHWKHORZHUKHDWLQJYDOXH/+9RIIXHOZKLFKIRUWLUHVH[FHHGV0-NJ$VFRPSDUHG
WRWUDGLWLRQDOVROLGIXHOVWKH/+9RI(R/WLUHVLVVLPLODUWRWKHYDOXHRIFRDOFD0-NJ%HFDXVHRIWKHFDORULILF
YDOXH(R/WLUHVKDYHDKLJKSRWHQWLDOIRUHQHUJ\UHFRYHU\E\UHSODFLQJWKHWUDGLWLRQDOIXHOVRUPL[LQJLWZLWKRWKHU
ZDVWH GHULYHG IXHOV WKDW KDYH D ORZHU FDORULILF YDOXH VR DV WR LQFUHDVH WKH RYHUDOO TXDOLW\ RI WKH PL[HG IXHO
1HYHUWKHOHVVDOVR06:DQGSURFHVVHGVHZDJHVOXGJHFDQEHXVHGIRUSURGXFLQJVROLGUHFRYHUHGIXHOVDVWKHLU/+9
LV HTXDO WR 0-NJ DQG 0-NJ UHVSHFWLYHO\7KH/&$ UHVXOWV VKRZ WKDW WKH KLJKHVW LPSDFW LV IURP WKH
HQHUJ\UHFRYHU\VFHQDULRIURP65)SURGXFHGIURP06:ZKLFKUHDFKHVP3W$VFRPSDUHGWRRWKHUVFHQDULRV
65)06:FUHDWHV D VLJQLILFDQWO\ ODUJHU GHSOHWLRQRI UHVRXUFHV VHH)LJ ZKLFK LV FDXVHGE\KLJKHU HOHFWULFLW\
FRQVXPSWLRQ (QHUJ\ UHFRYHU\ IURP 65)VOXGJH FUHDWHV KLJK LPSDFW RQ KXPDQ KHDOWK DV D UHVXOW RI GLHVHO
FRQVXPSWLRQLQWUDQVSRUWDWLRQ


)LJ&RPSDULVRQRIVLQJOHVFRUHUHVXOWV










6FHQDULR$(R/WLUHV 6FHQDULR%65)06: 6FHQDULR&65)VOXGJH
P
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7KHUHVXOWVVKRZWKDWWKHVHOHFWHGHQHUJ\UHFRYHU\VFHQDULRVGRQRWDIIHFWHFRV\VWHPTXDOLW\DQGFOLPDWHFKDQJH
VLJQLILFDQWO\

)LJ&RPSDULVRQRIZHLJKWLQJUHVXOWV
6HQVLWLYLW\DQDO\VLV VKRZHG WKDW WKH UHVXOWV DUH VOLJKWO\ VHQVLWLYH WR WKH LQSXWGDWDRQO\ LQ6FHQDULR%RI65)
06:ZKHUHVHQVLWLYLW\ZDVREVHUYHGWRWKHFRQVXPHGHOHFWULFLW\LQSXW
&RQFOXVLRQ
7KLV/&$VWXG\ZDVDLPHGWRFRPSDUHHQHUJ\UHFRYHU\URXWHVIURPHQGRIOLIHWLUHVZLWKRWKHUVROLGUHFRYHUHG
IXHOVZKLFKDUHSURGXFHGLQWKH%DOWLF6WDWHV(QHUJ\UHFRYHU\LVDZLGHO\DSSOLHGZDVWHWLUHPDQDJHPHQWPHWKRG
$VZHOOLWLVWKHPDLQZDVWHPDQDJHPHQWPHWKRGIRU65),WFDQEHFRQFOXGHGWKDWHQHUJ\UHFRYHU\IURP(R/WLUHV
JHQHUDWHVWKHORZHVWHQYLURQPHQWDOLPSDFWDPRQJWKHVHOHFWHGVFHQDULRVZKLFKLVHTXDOWRP3WNJRI(R/
WLUHVRUNJRI06:RUNJRIVHZDJHVOXGJHWRJHWKHUZLWKNJELRPDVVZDVWHDUHQHFHVVDU\WRUHFRYHU
*-RIIXHOHQHUJ\
,QRUGHU WR UHFHLYHPRUHDFFXUDWHUHVXOWVRI WKHFRPSDULVRQ WKH LQFLQHUDWLRQSURFHVVVKRXOGEH LQFOXGHG LQ WKH
HQYLURQPHQWDOLPSDFWHYDOXDWLRQH[WHQGLQJWKHERXQGDULHVRIWKHLPSOHPHQWHGVWXG\7KLVZLOOEHSRVVLEOHZLWKDQ
DFFXUDWHHYDOXDWLRQRIWKHLQFLQHUDWLRQSURFHVVHV
7KH LQWURGXFWLRQ RI D IXUWKHU0XOWL&ULWHULD$QDO\VLV 0&$ LQ D VHFRQG VWHS RI WKH VWXG\ZLOO EH D YDOXDEOH
DSSURDFKERWKWRFRQVLGHUWKHLQWURGXFWLRQRIDQRSWLPDOIHHGVWRFNVFHQDULREDVHGRQWKHRSWLPDOFRPELQDWLRQRI
WKH  VFHQDULRV SURSRVHG LQ WKLV VWXG\ DQG SURYLGH DQ RYHUDOO FRPSDUDWLYH VFRUH LQ WHUPV RI HQYLURQPHQWDO
WHFKQLFDOHFRQRPLFDQGSRWHQWLDOO\VRFLDOSHUVSHFWLYHV
5HIHUHQFHV
>@ ,QWHUQDWLRQDO5XEEHU6WXG\*URXS7KH:RUOG5XEEHU,QGXVWU\5HYLHZWR.,QGLD5XEEHU([SR,56*6HFUHWDULDW
>@ (750$(QGRIOLIHW\UHV$YDOXDEOHUHVRXUFHZLWKJURZLQJSRWHQWLDO
>@ /XEMXKQ83ƗUVNDWVSDUDWNULWXPXOƯG]VDGHG]LQƗãDQDVLHNƗUWDVGDUEƯEX6,$Ä&(0(;´
>@ &RXQFLO'LUHFWLYH(&RI$SULORQWKHODQGILOORIZDVWH2IILFLDO-RXUQDO/3
>@ 'LUHFWLYH (& RI WKH (XURSHDQ 3DUOLDPHQW DQG RI WKH &RXQFLO RI  1RYHPEHU  RQ ZDVWH DQG UHSHDOLQJ FHUWDLQ
'LUHFWLYHV2IILFLDO-RXUQDORIWKH(XURSHDQ8QLRQ/
>@ :LOOLDPV37:DVWHWUHDWPHQWDQGGLVSRVDO(QJODQG-RKQ:LOH\	6RQV/WG
>@ 'DFH ( %OXPEHUJD'$Q$VVHVVPHQW RI WKH 3RWHQWLDO RI 5HIXVH'HULYHG )XHO LQ /DWYLD0DQDJHPHQW RI (QYLURQPHQWDO 4XDOLW\ $Q
,QWHUQDWLRQDO-RXUQDO±
>@ 0RRUD+:DVWH0DQDJHPHQWLQ(VWRQLD(VWRQLDQ,QVWLWXWHIRU6XVWDLQDEOH'HYHORSPHQW6WRFNKROP(QYLURQPHQW,QVWLWXWH7DOOLQQ&HQWUH

>@ )LVKHU&0XQLFLSDOZDVWHPDQDJHPHQWLQ(VWRQLD(XURSHDQ(QYLURQPHQWDO$JHQF\
  
 



 












+XPDQKHDOWK (FRV\VWHPTXDOLW\ &OLPDWHFKDQJH 5HVRXUFHV
P
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6FHQDULR$(R/WLUHV 6FHQDULR%65)06: 6FHQDULR&65)VOXGJH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>@0XL]QLHFH,'DFH(%OXPEHUJD''\QDPLF0RGHOLQJRIWKH(QYLURQPHQWDODQG(FRQRPLF$VSHFWVRI%LR5HVRXUFHVIURP$JULFXOWXUDO
DQG)RUHVWU\:DVWHV3URFHGLD(DUWKDQG3ODQHWDU\6FLHQFH±
>@.OLRSRYD,0DQDJHPHQWRIELRGHJUDGDEOHZDVWHLQWKH0XQLFLSDOLW\RI3DODQJD)HDVLELOLW\VWXG\5(&2%DOWLMRV7HFK
>@:HUOH:LON$UHYLHZRIPHWKRGVIRUWKHWKHUPDOXWLOL]DWLRQRIVHZDJHVOXGJH7KH3ROLVKSHUVSHFWLYH5HQHZDEOH(QHUJ\±
>@=DEDQLRWRX$7KHRILORX&*UHHQHQHUJ\DWFHPHQWNLOQLQ&\SUXV²8VHRIVHZDJHVOXGJHDVDFRQYHQWLRQDOIXHOVXEVWLWXWH5HQHZDEOHDQG
6XVWDLQDEOH(QHUJ\5HYLHZV±
>@'DFH(%OXPEHUJD'.XSODLV*%R]NR/.KDEGXOOLQD=.KDEGXOOLQ$2SWLPL]DWLRQRIODQGILOO*DV8VHLQ0XQLFLSDO6ROLG:DVWH
/DQGILOOVLQ/DWYLD(QHUJ\3URFHGLD±
>@.OLRSRYD,0DNDUVNLHQơ. ,PSURYLQJPDWHULDODQGHQHUJ\UHFRYHU\ IURP WKHVHZDJHVOXGJHDQGELRPDVV UHVLGXHV:DVWH0DQDJHPHQW
±
>@ ,62  (QYLURQPHQWDO PDQDJHPHQW /LIH F\FOH DVVHVVPHQW 5HTXLUHPHQWV DQG JXLGHOLQHV ,QWHUQDWLRQDO 2UJDQLVDWLRQ IRU
6WDQGDUGLVDWLRQ,62*HQHYH
>@:ROI0$3DQW5&KRPNDPVUL.6DOD63HQQLQJWRQ'7KH,QWHUQDWLRQDO5HIHUHQFH/LIH&\FOH'DWD6\VWHP,/&'+DQGERRN
7RZDUGVPRUHVXVWDLQDEOHSURGXFWLRQDQGFRQVXPSWLRQIRUDUHVRXUFHHIILFLHQW(XURSH3XEOLFDWLRQV2IILFHRIWKH(XURSHDQ8QLRQ
>@5(&2%DOWLF7HFK-RLQW%DOWLF6HD5HJLRQ6WUDWHJ\IRU0XQLFLSDO:DVWH0DQDJHPHQW
>@ 3UHVXVWDLQDELOLW\$YDLODEOHKWWSZZZSUHVXVWDLQDELOLW\FRPVLPDSUR>@
>@'RPLQJXH]$0HUD]/.RUQKDXVHU,5RMDV)$WKHUPRFKHPLFDOFRQFHSWEDVHGHTXDWLRQ WRHVWLPDWHZDVWHFRPEXVWLRQHQWKDOS\IURP
HOHPHQWDOFRPSRVLWLRQ)XHO±
>@=DEDQLRWRX $ HW DO )HDWXUHV RI DQ HIILFLHQW DQG HQYLURQPHQWDOO\ DWWUDFWLYH XVHG W\UHV S\URO\VLV ZLWK HQHUJ\ DQG PDWHULDO UHFRYHU\
5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\5HYLHZV±
>@.OLRSRYD,0DNDUVNLHQơ.*HQHUDWLRQRI6ROLG5HFRYHUHG)XHOIURPWKH6HSDUDWH)UDFWLRQRI3UHFRPSRVWHG0DWHULDOV6HZDJH6OXGJH
DQG%LRPDVV5HVLGXHV(QYLURQPHQWDOUHVHDUFKHQJLQHHULQJDQGPDQDJHPHQW±
